In a rapidly changing world with increasing pressure on natural resources, land-cover maps are of utmost importance for area planning and resource management (Fuchs, Herold, Verburg, Clevers, & Eberle, 2015) . Land-cover maps depict the physical cover of the surface of the Earth. Vegetation, for example the plant species composition (Box & Fujiwara, 2005) , is the physical cover most often used for land-cover mapping because plants are easy to observe and vegetation types can be identified using a wide variety of methods. The plant species composition reflects variation along important environmental complex gradients (Whittaker, 1967) , thus vegetation-based land-cover maps can also be used as a proxy for the ecosystem, i.e. all species present at a site, the environmental conditions and the processes and mechanisms by which the environment influences the species (cf. Tansley, 1935). Lakes, rock outcrops and vast areas of constructed sites and land otherwise heavily modified by man do, however, lack natural vegetation and hence are influence inconsistencies between maps; and (3) are some biomes mapped more consistently than others, and if so, why?
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Applied Vegetation Science ULLERUD Et aL. not included in the narrower concept of vegetation as "a system of largely spontaneously growing plants" (e.g. van der Maarel, 2005) .
In this paper, a broad concept of "land-cover mapping" is applied, including all assessments, regardless of whether all or only a majority of types are recognized by vegetational criteria (cf. Alexander & Millington, 2000; Franklin, 1995; Xie, Sha, & Yu, 2008) .
Land-cover mapping can be performed with a wide range of methods, from field-based surveys to remote sensing techniques, including recent developments such as distribution modelling (Ullerud, Bryn, & Klanderud, 2016) and LiDAR-based approaches (Antonarakis, Richards, & Brasington, 2008) . Choice of method typically entails a trade-off between mapping progress, robustness and observer independence on one hand, which are strongly favoured by use of remote sensing data and automated classification procedures, and time-intensive field surveys which allow detailed mapping of predefined types based on species composition and environment.
All land-cover mapping, regardless of method, requires a typology or classification by which the more-or-less continuous variations in element composition is sorted into discrete types or classes (Austin, 2005; Heymann, Steenmans, Croisille, & Bossard, 1994; Whittaker, 1967) . Vegetation typologies address more or less stable plant communities characterized by physiognomy, plant species composition including indicator species, or a combination of these (Alexander & Millington, 2000; Biondi, Feoli, & Zuccarello, 2004) . In contrast, ecosystem typologies directly and at the same time address the species composition, the environment and the processes responsible for species-environment relationships (Halvorsen, 2012) .
Inherent in most systems intended for mapping is a trade-off between two purposes: to account for all information of potential interest for any user, which calls for a fine division into many types, and the need for adapting the types to a pre-determined map scale (Küchler & Zonneveld, 1988) . Adaptation to a spatial scale also implies setting a minimum polygon size, which causes considerable generalization of the real patterns of natural variation (e.g. Brocklehurst, Lewis, Napier, & Lynch, 2007) . Land-cover maps are therefore generalized spatial representations of, for example, vegetation and ecosystems, mirroring the underlying ecological processes at a predefined spatial scale.
A common property of systems intended for description and/ or mapping of natural variation, regardless of whether they address vegetation or ecosystems, is that the number of classes at the lowest level of the type hierarchy defines the level of detail that is enabled.
Most systems therefore contain two parts: a hierarchical type system with several levels of generalization and a set of supplementary variables that open for describing variation that is not captured by the type system, to the level of detail required by the users (Bryn, 2006; Rodwell, 2006) . Albeit similar in structure, different systems vary strongly in their appropriateness for different purposes. A gradient from systems particularly developed for survey land-cover mapping to multi-purpose systems can be recognized.
Appropriate management depends on correct assignment of sites to types (Cherrill & McClean, 1999a) and consistent delineation of polygons (Hunter, 2016) . Net loss of biodiversity may result from the use of land-cover maps that fail to meet these demands for quality (Cherrill, 2016) . One of the most important obstacles to consistency in field-based land-cover maps is among-observer behavioral differences, i.e. the tendency of mappers to classify areas to different types and/or drawing incongruent polygon delineations (Hearn et al., 2011) . While total elimination of observer dependence is an unachievable goal, observer dependence can be reduced through enforcing detailed rules for the mapping process (e.g. Rodwell, 2006) . Even though the importance of quality in field-based mapping is often stressed (Cherrill, 2016; Pancer-Koteja, Szwagrzyk, & Guzik, 2009 ), our knowledge of factors that influence land-cover map consistency is insufficient because this issue has been addressed in very few studies. One reason for this may be that land-cover maps are generalizations for which an unbiased ground truth is difficult, or often impossible, to obtain. Without a known truth, map accuracy cannot be measured in absolute terms. The quality of maps is therefore commonly measured in terms of their consistency (Stehman & Czaplewski, 2003) , e.g. quantified by comparing parallel maps for the same area obtained by independently working field mappers (Greco, Petriccione, & Pignatti, 1994) . Some comparative studies of parallel maps made by a group of field workers who used the same mapping system have been performed (Cherrill & McClean, 1999a,b; Faliński, 1994; Hearn et al., 2011) , while comparisons among landcover maps obtained by use of different types of systems seem so far to be lacking.
The main aim of this study is to assess consistency in field-based land-cover mapping between two sets of maps, each consisting of three maps obtained independently by three field workers. The two sets make use of different Norwegian mapping systems adapted to different scales: a coarse system addressing vegetation types, and a more detailed system addressing ecosystem types. The study was designed to answer the following three specific questions: (1) what is the magnitude of between field worker inconsistencies in land-cover maps and what may cause such inconsistencies; (2) in which ways and to what extent do spatial scale and mapping system influence inconsistencies between maps; and (3) are some biomes mapped more consistently than others and, if so, why?
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| Study area
The study area (Fig. 1) is situated in south-central Norway, at Gravfjellet in Øystre Slidre municipality, spanning altitudes from 860 to 1,173 m a.s.l. The area includes terrestrial vegetation typical of the north boreal and low alpine vegetation zones and is situated in the vegetation section transitional between the oceanic and continental (Moen, 1999) . In the period 1971-2000 the mean annual temperature and precipitation were in the ranges 0-1°C and 750-1,000 mm, respectively (www.senorge.no, accessed October 6, 2017).
The land cover in the study area reflects the climate, changing from forests in low-lying parts to alpine vegetation above the forest line (approximately 1,030 m a.s.l.). The alpine vegetation is
dominated by mountain heathlands, but is interrupted by rock outcrops and snow-swept ridges, conditioned on topography, wind and uneven distribution of snow (Ullerud et al., 2016) . At elevations above 950 m a.s.l., the forest is dominated by Betula pubescens subsp. tortuosa, while below 950 m a.s.l., the dominant species is Picea abies. Wetlands occur in paludified depressions at all elevations, most extensively in the valley north of Gravfjellet. The whole study area has a long history of domestic summer grazing and dairy farming, but grazing intensity has been reduced in recent years. At the time the fieldwork was carried out (2012) (2013) (2014) , most summer farms had been abandoned or were used as leisure-time cabins.
| Study design
In the study area two rectangular sites, one large and within it a smaller site, were chosen (Fig. 1) . The larger site, with an area of 754 (ha (2,900 m × 2,600 m) was mapped using a system adapted to mapping at a scale of 1:25 000 (Rekdal & Larsson, 2005) . This system is referred to here as the Norwegian Institute of Bioeconomy Research (NIBIO) system. The smaller site, with an area of 99 ha (1,100 m × 900 m) was also mapped using a system adapted to mapping at a scale of 1:5,000 Halvorsen, Bryn, & Erikstad, 2015) . This system is referred to here as the Nature in Norway (NiN) system. Centre coordinates in degree latitude/longitude were 61.21°/9.12° for the NIBIO site, and 61.22°/9.11° for the NiN site. These extents were deliberately chosen to contain approximately the same average number of polygons when subjected to mapping by the two different mapping systems. Both sites were mapped by three different field workers, thus giving a total of six maps. The field workers and their maps were named A, B and C for the NIBIO site, and 1, 2 and 3 for the NiN site. Field workers A and 1 were the most experienced, and C and 3 were the least experienced.
Mapping was conducted without enforcing a maximum allowed time. The most experienced field workers (A and B, 1 and 2) used 30 and 45 hr to map the two sites using the NIBIO and NiN systems, respectively, which was close to recommended progress rates Rekdal & Bryn, 2010) . The least experienced field workers (C and 3) used 20 hr more, regardless of system.
| The NIBIO system
The NIBIO mapping system divides Norwegian vegetation into 12 vegetation groups (Table 1) , which are subdivided into 54 types (Bryn, 2006; Rekdal & Larsson, 2005) , which will be referred to as NIBIO units. The types represent predefined sections of an ecological space, determined by homogenous plant species F I G U R E 1 Study area. The large rectangle was mapped using the NIBIO system, while the small rectangle was also mapped using the NiN system. Contour lines (equidistance 20 m) are shown in brown. GIS data used for the maps were obtained from DIVA132 GIS (left) The NIBIO mapping system was designed for applied use and has been thoroughly tested over the last 30 years when almost three million ha have been mapped (Rekdal & Bryn, 2010) . The NIBIO system's standard mapping guidelines (Rekdal & Larsson, 2005) include criteria for distinguishing between closely related units and detailed instructions for how to delineate polygons when borders are fuzzy.
Mapping with the NIBIO system was performed in Aug and Sept 2012, following standard mapping guidelines. Polygons for NIBIO units were delineated in the field, using a portable lens stereoscope (2× magnification) for 3D vision. Dual colour aerial photos from Sept 2010 (Appendix S1) printed at a scale of 1:25 000, were used.
Mosaic polygons were used if two units occurred intermixed, with patch sizes below the minimum polygon size of 1 ha.
Field workers A and B were experienced users of the NIBIO system, and assumed to be well calibrated with respect both to classification and delineation. Field worker C had no prior mapping experience, but was supervised for 2 days by field worker A and half a day by field worker B before fieldwork. Calibration was carried out in the field just outside the mapped area. Discussions among the field workers before the fieldwork started also have some calibrating effect.
| The NiN system
The NiN mapping system (Appendix S2) divides terrestrial Norway into 59 ecosystem groups (Table 1) (Halvorsen et al., 2009 ) was applied for mapping in one published study only (Halvorsen et al., 2011) prior to the present study. Version 2 of the system, published in 2015 , has been operationalized for mapping at five scales in detailed standard guidelines .
Mapping with the NiN system was performed in Jul and Aug 2014 using a draft of Version 2 of the NiN system and the associated guidelines for mapping (Appendix S2). The maps were later updated to the published NiN system Version 2 (Appendix S2). Polygons for NiN units were delineated in the field, using the same colour aerial photos as for NIBIO mapping (Appendix S1), but printed at a scale of 1:2 000. Rules for delineating mosaic polygons conformed to those for NIBIO mapping guidelines, except for a minimum polygon size of 0.01 ha.
Calibration before fieldwork was accomplished by the three field workers spending 1 day indoors and half a day in the field just outside the mapped area. Calibration included agreement on lists of indicator species, rules for separating closely related NiN units and practical procedures.
| Preparation of maps for analysis
The six raw maps were scanned and polygons were digitized by one and the same person, using FYSAK (v 1.12, Norwegian Mapping Authority, Hønefoss, Norway). Thereafter, the precision of all polygon borders was checked by comparing the digitized map with orthophotos other than those used for mapping in the field. In cases of imprecise delineation, e.g. when lines drawn on the aerial photos in the field were thicker than lines on the digitized maps, the digitized lines were corrected to fit the orthophotos. All further GIS operations and analyses were done using ArcMap (v 10.3.1.4959; Esri, Redlands, CA, USA).
| Analysis of maps
The NIBIO and NiN maps were clipped to fixed extents of 754 and 99 ha, respectively. All further analyses were performed using these extents. Mosaic polygons were represented in the analyses by the unit covering the largest fraction of the polygon's area. In all maps, TA B L E 1 Summary of key terms in the two systems used for mapping
System
NIBIO NiN
Main criteria for defining types
A characteristic collection of plant species that reappear at places with similar environmental conditions.
Uniform environment, including all living organisms and the environmental factors operating there.
Mapping scale 1:25 000 1:5 000
Number of groups 12 59
Number of units 54 277
Minimum mapping area (ha) 1 for cultivated land and rare units, 2 for all other units 0.01 for all units
regardless of mapping system, polygons for the unit level were aggregated a posteriori to obtain derived maps for the group level of each system. The maps for the two hierarchical levels, the units and the groups, were subjected to parallel analyses.
To explore and understand the differences between the maps landscape-level metrics were calculated using FragStats (v 4.2.1.603; www.umass.edu/landeco/research/fragstats/fragstats.html).
Polygon and edge density were calculated as the number of polygons per 100 ha and meters of edge per ha, respectively. Polygon size was described using three metrics: mean polygon size (A_MN; in ha), largest polygon index (LPI; percentage of the map area that was covered by the largest polygon in each map) and median polygon size (A_MD; in ha). The diversity of units was quantified using the Shannon's evenness index as implemented in FragStats. This index measures the distribution of the percentages of the total area covered by each unit, recorded on a scale from zero (maximally uneven area distribution) to one (maximally even area distribution).
Spatial consistency was quantified as the fraction of the total mapped area that was assigned to the same unit, in the (two or three) compared maps. Analytically, spatial consistency was calculated from one combination map for each of the NIBIO and NiN systems, each obtained by spatially combining all information, both on types and delineations, from all three maps. For each combination of mapping system and hierarchical level, spatial consistency was calculated for the three pairs of maps and for the entire set of three maps (referred to as "overall"). To identify units that were difficult to map in a consistent manner we calculated the percentage of the average area covered by each unit that is mapped consistently in each pair of maps. Spatial consistency at the biome level was calculated, between pairs of maps at the unit level, for each of the three dominating biomes in the study area (mountain heath, forest and wetland). The average spatial consistency for biomes was expressed as a percentage of the average total area classified to the biome in question.
Spatial inconsistency was defined as the complement of spatial consistency, i.e. all areas that are mapped differently in two compared maps. Two categories of spatial inconsistencies were distinguished, termed "different units" and "spatial displacement".
"Different units" was quantified as the sums of the percentages of the area mapped in one map that was either (a) assigned to units not included in the other map, or (b) assigned to units that were present in both maps, but that covered a larger area on one map than on the other. In case (b), the difference in area assigned to the unit in question between the two maps was included in "different units".
"Spatial displacement" defined as the area containing the same units, but not in the same place, was quantified as the difference between total mapped area and the sum of "spatial consistency" and "different units".
To quantify the effect of lack of precision in the delineation of polygons, six "buffered maps" were created by removing a buffer area around polygon delineations in each of the six maps. The width of the buffer was set to −5 m for the NIBIO system and −1.5 m for the NiN system, so that an average of 15% of the mapped area was removed from all maps. The three buffered NIBIO and NiN maps were spatially combined into two combination maps as explained above and subjected to calculation of spatial consistency of three map pairs and overall, at both hierarchical levels and for both systems.
Separately for each mapping system and each pair of maps, a confusion matrix among mapped units was set up for analysis of classification consistency, using the methodology introduced by Cherrill and McClean (1999b) and developed further by Hearn et al. (2011) .
Because confusion matrix analysis only gives reliable results for units that cover a substantial area, these analyses were only performed for the three most common units in each mapping system, within each of the biomes present (Mountain heath, Forest and Wetland;
Appendix S3). 
| RE SULTS
| Map properties
The sets of three maps obtained by the same mapping system and Table 2 ). The median polygon size was smaller than the mean for all six maps. NIBIO map A and NiN map 2 contained the single largest polygons in each set of maps. Covering 21.2% and 13.7% of the mapped areas, respectively, these largest polygons were almost twice as large as the largest polygons of other maps in the same set (Table 2 ). An example
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of variation in the delineation on one single polygon between three maps is given in Appendix S7. Evenness varied from a 0.709 to 0.738 in NIBIO maps and from 0.674 to 0.715 in NiN maps.
| Spatial consistency
Pair-wise spatial consistency decreased from the group to the unit level regardless of mapping system. The average pair-wise spatial consistency at group level was 83.0% and 82.7% for NIBIO and NiN, respectively ( Table 3 ). The spatial consistency between NiN maps 2 and 3 at unit level (57.8%) differed from all other pair-wise comparisons in deviating strongly from the mean value (43.8%). In NIBIO maps, the highest and lowest spatial consistency values (among units that covered substantial areas) were found for "blueberry birch forest" (78.6%) and "lichen heath" (9.8%), respectively (Appendix S5). In NiN maps, the corresponding positions were taken by "lime-poor mountain lichen heathlands" (76.0%) and "intermediate lee side" (1.9%),
respectively (Appendix S6).
Spatial consistency, adjusted for differences in area cover, also differed among biomes. Spatial consistency values for the NIBIO unit level varied from a minimum of 39.2% for wetlands to a maximum of 67.1% for forest, while corresponding figures for NiN maps were a minimum of 19.1% for forest to a maximum of 52.7% for wetlands (Table 4) .
| Partitioning of inconsistencies
Buffering improved spatial consistency for both systems at both hierarchical levels. At the group level, removing the buffer increased the average pair-wise spatial consistency from 83.0% to 85.8% for NIBIO maps and from 82.7% to 87.0% for NiN maps ( 
| Confusion matrix analysis of classification consistency
The composite confusion score was 59 (13.6% of the theoretical maximum of 432) for the NIBIO matrix and 55 (12.7% of the maximum) for the NiN matrix. The confusion matrix analysis shows that units belonging to the same biome were more frequently confused than units from different biomes, regardless of mapping system (Appendix S3). 
| D ISCUSS I ON
| Overall map consistency
Our results illustrate the point made by Hearn et al. (2011) that among-observer inconsistencies in the delineation and classification TA B L E 2 Basic information and landscape metrics for the six maps. Maps A, B and C are NIBIO maps for an area of 754 ha; maps 1, 2 and 3 are NiN maps for an area of 99 ha (Morton et al., 2011; Stevens, Blackstock, Howe, & Stevens, 2004 ).
Results for the unit level are similar to, or better than, consistency figures reported for lower hierarchical levels in comparable studies (Cherrill & McClean, 1995 , 1999a Halvorsen et al., 2011; Hearn et al., 2011) .
| What causes lack of consistency?
The variation in polygon density and mean polygon area observed in this study between maps obtained by use of the same system shows that the field workers interpreted the landscape heterogeneity and understood the mapping guidelines differently. Similar results,
i.e. large differences between seven maps of one study area, were found by Hearn et al. (2011) . The main source of inconsistency differs between maps obtained by the two systems; spatial displacement, i.e. different spatial configuration of the same units, is most important in NIBIO maps, while the main source of inconsistency in NiN maps is classification to different units. Classification inconsistency is pointed out as the main source of between-observer differences in previous comparative studies of land-cover maps (Cherrill & McClean, 1999a; Hearn et al., 2011) . However, which areas are included in each polygon also affects classification, and classification inconsistencies can therefore result from incongruent boundaries as well as different perceptions of units (see Appendix S7 for an example). No study, our study included, has so far allowed separation of these sources of inconsistencies. Separate analyses of buffered polygon borders (e.g.
Cherrill & McClean, 1999a; and this study) isolate the effect of lack TA B L E 3 Pair-wise and overall spatial consistency values for NIBIO maps (Maps A, B and C) and NiN maps (Maps 1, 2 and 3) before and after buffer removal. Spatial consistency is quantified as the fraction of the total area that was assigned to the same unit in two or three compared maps. of precision in delineation. In our study, removing a buffer around all polygon borders improved spatial consistency by, on average, 4-5% regardless of mapping system. This shows that the fraction of the total inconsistency that originated from lack of precision in delineation was low, and supports findings from previous studies (Cherrill & McClean, 1999b; Hearn et al., 2011) .
| Different field workers find different units
A well-known challenge in survey mapping is different field workers' tendency to find different units when mapping the same area (Cherrill & McClean, 1999b) . In our study, the three field workers 
| Similar units are more frequently confused
The confusion matrix analysis shows that confusion among units within groups occurs more often than confusion among units belonging to different groups. This accords with the result that consistency between maps is higher at group level than at unit level (Table 3) . This is expected, as the groups are more broadly circumscribed than the units, ecologically and with respect to species compositional variation, physiognomy as well as other criteria.
However, our results also contain examples of confusion of units from different groups, e.g. the NIBIO units "dwarf shrub heath" and "bog" (Aune-Lundberg & Strand, 2017) . This is not unexpected since F I G U R E 3 The total area mapped by each of the two mapping systems using the unit type level, partitioned into areas that were mapped in spatially consistent and spatially inconsistent manners, the latter in turn partitioned into the two categories "spatial displacement" and "different units". The percentages are averages for pair-wise comparisons between three maps groups share borders with other groups, both in the field and in ecological theory.
The confusion matrix analysis also shows some confusion between forest and mountain heaths in NiN maps, while no similar pattern is found in NIBIO maps. Forest is defined by crown coverage in both systems, but the cut-off value between forested and nonforested areas differs (25% in NIBIO and 10% in NiN) . Visual estimation of crown coverage is challenging (Gallegos-Torell & Glimskär, 2009) , and the higher coefficient of variation (CV) for smaller estimates of crown coverage than for larger estimates (Morrison, 2016) is the likely reason why delineation of "NiN forests" is less consistent than delineation of "NIBIO forests".
| Does the choice of mapping system matter?
The NIBIO and NiN systems differ, with respect to basic principles and the spatial scale addressed. Accordingly, the group and unit levels of the two systems are not directly comparable. The NiN system is adapted for mapping at a finer scale and therefore also contains far more units than the NIBIO system. As expected of a system that contains fewer units (Halvorsen et al., 2011; Hearn et al., 2011) , NIBIO maps have higher spatial consistency. Our results give no support to the view that maps that show finer details, e.g. by using a smaller minimum area, are more exact than coarser maps. On the contrary, the more detailed map appears to have lower consistency.
Our results indicate that this is due to increase in classification errors, driven by inflation of increasingly narrowly defined types.
Differences between mapping systems should, however, always be taken into account when results of different repeated surveys are compared.
Comparisons at the biome level show that NIBIO maps are more consistent for forest and mountain heaths than for wetlands, while NiN maps are more consistent for wetlands and mountain heaths than for forests. These results thus support the view that units without tree cover are easier to map in a consistent manner, probably because differences are more visible in aerial photos.
NIBIO forest units are defined by tree species composition as well as field and bottom layer species, whereas NiN forest units are defined by field layer and bottom layer species only. Tree species composition is visible in aerial photos, and the different forest definitions may therefore explain the higher spatial consistency of forests in NIBIO maps than in NiN maps. These results show that map consistency varies between biomes, and that the choice of mapping system may be more important for the resulting maps than which biomes are mapped.
The NIBIO field workers are usually trained for several field seasons before they are considered qualified, but the least experienced NIBIO field worker in our study lacked this training. The consistency of regular NIBIO maps is therefore likely to be higher than indicated by our results. Similarly, the lack of formalized NiN unit descriptions and guidelines for mapping at the time the fieldwork was carried out are likely to have reduced the consistency of NiN maps relative to their potential.
| Measures to improve consistency
The spatial consistency was highest for NIBIO maps made by the two most experienced field workers, while for NiN maps spatial consistency was highest for the two least experienced field workers. In previous map comparison studies, the mappers have not been allowed to carry out fieldwork in the same area at the same time because field workers easily influence each other (Hearn et al., 2011) . In our study, however, the fieldwork sessions of the least experienced NiN field workers overlapped. Although the field workers were not allowed to discuss questions related to mapping of the study area, they were allowed to discuss general topics related to NiN mapping. The high consistency of their maps may indicate that field workers who live and work in the same area at the same time undergo a process of calibration that influences their mapping habits, even if they do not work together in the field. This supports the results of Robertson and Grieve (2010) who demonstrate that training and calibration considerably improve field workers' mapping consistency, and the finding of Morrison (2016) that floristic training is needed to avoid overlooking species, which is a common error in vegetation surveys. Our interpretation of the results is that investment in training of field workers and calibration of their mapping practice, over time probably will improve the mapping consistence.
| The demand for quality is purpose-dependent
Our results show that if the purpose of mapping is to obtain area statistics for land cover units for a specific area rather than to produce a spatially explicit land-cover map, particular attention should be given to reduce the inconsistencies here referred to as "different units". On average this source of inconsistencies affects 15% of the area in the NIBIO maps and 36% in the NiN maps (Fig. 3) . For the purpose of obtaining area statistics, the NIBIO maps can be judged as very good and the NiN maps as acceptable. For site-specific management, on the other hand, all inconsistencies matter, and the total spatial inconsistencies amounting to 40% and 56%, respectively, indicates that NIBIO maps can be considered acceptable for this purpose, while the NiN results are unacceptably poor. The consequences of erroneous classification can be inappropriate management or legal restrictions (Cherrill, 2016) , or the failure to detect or monitor land-cover changes (Prosser & Wallace, 1999) . Quality improvement and quality assessment measures are therefore mandatory elements of every mapping programme.
| Recommendations and the need for further studies
Only 11% of the NiN units and 42% of the NIBIO units are reported by any mapper from our study area, and the two sets of field workers only consisted of three persons each. Our results therefore do not allow very general conclusions to be drawn. Furthermore, the consistency in use of supplementary variables has not been tested.
Recording of supplementary variables adds detail to the mapping,
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and is expected to further reduce overall consistency. The use of mosaic polygons may also influence the consistency, but we have not tested this component.
Our results demonstrate that parallel mapping, despite being time consuming and therefore expensive (Halvorsen et al., 2011; Hearn et al., 2011) , may be worthwhile when demands on quality are high or estimates of mapping precision are needed. Further studies are needed to separate inconsistencies that are due to different delineation from inconsistencies that are due to differing perceptions of units. The latter may be separated from the sources of inconsistency by unit assignment at spatially precise points, carried out in parallel by several persons. Further studies are also needed to assess the relative contribution to map consistency of system documentation, e.g. mapping guidelines and unit descriptions, training, calibration, experience and personal skills.
| CON CLUS IONS
This study of replicated mapping indicates that different field workers make different maps even if they use the same mapping systems with the same material and the same methods. Scale in the mapping matters: maps are more different when lower hierarchical levels in the mapping systems are applied and when more complex systems are used. Furthermore, our results indicate that mapping systems may differ with respect to degree of consistency of different biomes.
Maps made by different field workers will never be identical.
Consistency among field workers should therefore be estimated as a standard quality indicator in all field-based mapping programmes.
Although not specifically addressed in our study, our results indicate that the consistency can be improved by stronger emphasis on calibration among field workers.
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